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Abstract

Background: Endometrial cancer is one of the three most common malignancies
in the female genital tract. Previous studies have demonstrated the association be-
tween heparanase (HPSE, OMIM 604,724) single-nucleotide polymorphism (SNP)
and cancer risk in several cancers. However, its role in endometrial cancer remains
unclear. The present study investigated the effects of HPSE SNPs on the susceptibil-
ity and clinicopathological parameters in patients with endometrial cancer.
Methods: HPSE SNPs of rs4693608 (G > A) and rs4364254 (C > T) were analyzed
using polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) assay in 270 endometrial cancer patients and 320 healthy controls.

Results: The investigation indicated that the HPSE SNP rs4693608 with GG showed
a protective effect from EC in both codominant (adjusted OR = 0.41, 95%CI = 0.21-
0.81, p = .026) and recessive models (adjusted OR = 0.43, 95%CI = 0.22-0.82,
p = .0076). No significant differences were found in the incidences of EC patients
with the rs4364254 polymorphisms compared to controls. Moreover, a significantly
increased distribution of A/A (rs4693608) was observed in patients with grade > 2
(p = .03) and in patients with positive cervical invasion (p = .042) while patients with
T/C (rs4364254) had lower tumor grade.

Conclusion: Our study suggested that HPSE SNP of rs4693608 correlated strongly
with susceptibility to EC, and HPSE SNPs might be a potential biomarker for prog-

nosis of endometrial cancer.
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cases and 10,000 deaths each year in the United States and
its incidence and mortality keeps on rising (Siegel, Miller,

Endometrial cancer (EC) is the most common gynecologic
malignancy, accounting for 4.8% of all cancers diagnosed in
women (Ferlay et al., 2015). There were around 60,000 new

& Jemal, 2015, 2018). In China, the incidence of EC has
surpassed cervical cancer and ranked first in gynecological
cancers in developed cities since 2008 with the widescale
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screening of cervical cancer (Wei, 2013). At present, sur-
gery remains the mainstay of therapy for EC and the adjuvant
treatment followed based on the final histological results.
However, there are a series of problems to be solved urgently,
such as the tolerance of operation for senile patient and the
fertility preservation for young patients as well as the high
recurrence rate in advanced stages. In this sense, it is impera-
tive to explore novel pathways and therapies for endometrial
cancer treatment at the genetic level.

Heparanase (HPSE, OMIM 604,724) is the only known
endo-p-glucuronidase in mammals. It was first identified in
the late 1980s, when two independent groups demonstrated its
enzymatic activity of degrading heparan sulfate (HS) chains
in B16 melanoma cells and in T lymphoma cells (Masola,
Zaza, Gambaro, Franchi, & Onisto, 2020; Nakajima, Irimura,
Ferrante, Ferrante, & Nicolson, 1983; Vlodavsky, Fuks, Bar-
Ner, Ariav, & Schirrmacher, 1983). After the cloning of a
single human heparanase cDNA in 1999 and the presence
of derivative genetic tools, researchers began to accept the
notion that this enzyme activity toward HS affects various
biological activities including remodeling of the ECM bar-
rier and regulating of HS-linked cytokines and growth fac-
tors, contributing to tumor angiogenesis and metastasis
(Barash et al., 2010; Iozzo & Sanderson, 2011; Sanderson,
Yang, Suva, & Kelly, 2004; Vlodavsky & Friedmann, 2001).
Previous studies showed high HPSE expression in nearly all
human carcinomas examined including renal (Mikami et al.,
2008), thyroid (Matos et al., 2015), hepatocellular (Chen,
Dang, Luo, Feng, & Tang, 2008), lung (Fernandes et al.,
2014), breast (Gawthorpe et al., 2014), ovarian (Davidson
et al., 2007), and endometrial cancer (Inamine et al., 2008).
Moreover, the mediating role of HPSE in the tumor microen-
vironment was also identified and HPSE has been considered
as a potential anticancer target tested in clinical trials (Gutter-
Kapon et al., 2016; Rivara, Milazzo, & Giannini, 2016).

The HPSE located on the human chromosome 4q21.3
and expressed two mRNA species of 5 kb form and 1.7 kb
form, respectively (Dong, Kukula, Toyoshima, & Nakajima,
2000). Various studies have evaluated the genetic frequencies
of HPSE polymorphisms in different cancers and diseases.
However, its role in endometrial cancer remains somehow
unclear due to scarce evidence. In this study, we examined
the association between two single-nucleotide polymor-
phisms (SNPs) rs4693608 (G > A) and rs4364254 (C > T)
and susceptibility to endometrial cancer.

2 | MATERIAL AND METHODS

2.1 | Study population

A total of 610 patients (270 EC patients and 340 age-matched
controls) from our hospital between June 2008 and June

2014 were recruited. The diagnosis of endometrial cancer
was proven by pathologists using histopathological methods.
The control group consisted of healthy women who under-
went routine gynecological examinations in our outpatient
department with no abnormalities. Relevant information
was collected including age at diagnosis, body mass index
(BMI), parity, family history of cancer, menopausal state,
stage, grade, histology, ER/PR, myometrial invasion, cer-
vical invasion, parametrial invasion, lymph node metasta-
sis, lymphovascular space invasion. Staging was based on
the International Federation of Gynecology and Obstetrics
(FIGO) 2009 classification system.

2.2 | Ethics statement

This research project was approved by the Ethical Committee
of West China Second University Hospital of Sichuan
University and was performed in line with the Declaration
of Helsinki principles. All patients and healthy controls pro-
vided written consent.

2.3 | DNA extraction and genotyping

Genomic DNA was isolated from peripheral blood following
the instructions of the whole blood genomic DNA Extraction
Kit (Tiangen, Beijing). DNA samples were stored at —20°C.
The NanoDrop lite Spectrophotometer (Thermo Scientific) was
used for detecting DNA concentrations. The SNPs of rs4693608
(G> A)andrs4364254 (C > T) were genotyped by a PCR-RFLP
(polymerase chain reaction-restriction fragment length polymor-
phism) assay using the forward primer, 5'-TTTCCTCTTGCC
ATCATGGG-3’, the reverse primer, 5'-TGACCAGGGTG
GATTTTTTC-3' forrs4693608 (NT_016354.17 (intron 3)), and
the forward primer, 5'-TACCCACTTCAGCTTCCCAAA-3’,
the reverse primer, 5'-GTCAAGAATGATCAGAGTTTAAG
TATTCTTGGATAT-3" for rs4364254 (NT_016354.17 (in-
tron 10)). Amplifications were performed in a MyCyclerTM
thermal cycler system (Bio-Rad) and PCR conditions were as
following: initial denaturation at 94°C for 1 min, then 35 am-
plification cycles, denaturation at 94°C for 30 s, annealing at
54°C for 30 s, and chain elongation at 72°C for 1 min. The
final extension step was performed at 72°C for 10 min. The
PCR products were digested with Hincll or EcoRV restriction
endonuclease (Thermo) in a 10 pL reaction mixture for 2 hr at
37°C, then electrophoresed on a 2.5% agarose gel and stained
with Genecolour fluorescent dye. For rs4693608, the enzyme
digestion resulted in an 83bp band and a 41bp band for the A
allele and a nondigested 124bp fragment for the G allele. For
rs4364254, the T allele was identified by the presence of 226bp
fragments and the C allele was represented by 192bp fragments
and 34bp fragments. About 10% of the samples were selected
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randomly to genotype again for quality control, and the con-
cordance rate was 100%.

2.4 | Statistical analysis

The statistical analyses were carried out using SPSS 22.0
(SPSS, Inc) and SNPstats online software (www.snpstats.net/
start.htm). Data were shown as the mean + standard deviation
(SD). Differences in variables were evaluated by student's ¢
test or y* test between EC and control groups. Moreover, a
chi-squared analysis was used to determine the allele or gen-
otype frequency differences between cases and controls and
to asses Hardy—Weinberg equilibrium. The odds ratios with
95% confidence intervals (CI) were calculated by SNPstats
to investigate the effect of SNPs on EC using codominant,
dominant, recessive, or overdominant genetic models®. P-
values less than .05 were considered to be significant.

3 | RESULTS

3.1 | Characteristics of the study subjects
The present study included 610 subjects and their clinico-
pathological features are shown in Table 1. There were no
significant differences between the mean age (p = .195),
BMI (p = .294), parity (p = .744), family history of cancer
(p = .296), or menopausal state (p = .8) of the two groups.
Among all the 270 cases, 202 (74.81%) patients were in FIGO
stage I, 95 (35.19%) patients were diagnosed with grade I car-
cinoma and endometrioid adenocarcinoma ranks first among
all pathological type (84.81%).

3.2 | Associations between HPSE gene
polymorphisms and risk of EC

Both allelic and genotypic association analyses were carried out.
Data were available from 270 cases and 340 controls for statis-
tical analyses and genotype distributions of both rs4693608 and
1$4364254 were consistent with the Hardy—Weinberg equilib-
rium. The genotype and allele frequencies of the two SNPs in
both cases and controls are shown in Table 2. For rs4693608,
the frequencies of A allele and G allele were 74.0%, 69.0%,
and 26.0%, 31.0%, respectively. There existed obvious statisti-
cal difference in the genetic frequencies between EC patients
and controls. Significant decreased EC risks were found to
be correlated with G allele (OR = 0.77, 95%CI = 0.60-0.99,
p = .04). In the codominant model, the genotype frequencies
of AA, GA, and GG for rs4693608 were 47.6%, 41.8%, and
10.6% in the EC group and 52.6%, 42.6%, and 4.8% in the con-
trol group. Compared with the genetic type AA, GG showed

. ) - 30f 10
Molecular Genetics & Genomic _Wl LEY

TABLE 1 Characteristics of EC patients and controls
Characteristics Patients Controls p value
Sample size 270 320
Age(mean + SD) (y) 51.93+9.68  50.84 +10.51  .195
BMI(mean + SD) 2421 +3.46 2393 +3.54 294

(kg/m>)
Parity(mean + SD) 3.10 + 1.69 3.06 + 1.79 744
Family history of 296
cancer
Yes 20 (7.4%) 17 (5.3%)
No 250 (92.6%) 303 (94.7%)
Menopausal state .8
No 126 (46.7%) 146 (45.6%)
Yes 144 (53.3%) 174 (54.4%)
FIGO stage
1 202 (74.8%)
1I 25 (9.2%)
11 29 (10.7%)
1AY 13 (4.7%)
Unknown 2 (0.6%)
Grade
1 95 (35.2%)
I 99 (36.7%)
1 76 (28.1%)
Histology
Endometrioid 229 (84.8%)
Nonendometrioid 41 (15.2%)
ER/PR
Negative 20 (7.4%)
Positive 204 (75.6%)
Unknown 46 (17.0%)

a protective effect from EC in both codominant (adjusted
OR = 0.41, 95%CI = 0.21-0.81, p = .026) and recessive mod-
els (adjusted OR = 0.43, 95%CI = 0.22-0.82, p = .0076). For
rs4364254, most of those with the rs4364254 SNP were ho-
mozygous for the T/T genotype. However, no significant dif-
ferences were found in the incidences of EC patients with the
rs4364254 polymorphisms compared to controls.

3.3 | Association of HPSE gene
polymorphisms with clinical characteristics of
patients with EC

Tables 3 and 4 showed the stratified analyses between
HPSE SNPs and clinicopathological parameters. Notably,
rs4693608 was associated with tumor grade (p = .0023 in
codominant model, p = .03 in dominant model, p = .0016 in
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TABLE 2  Genotype and allele distribution of two HPSE polymorphisms in patients with EC and health controls
Patients Control Logistic regression Logistic regression
Genotype or
allele Genotype N =270 N =320 OR (95%CI) p value OR (95%CTI) p value
rs4693608
Genetic model
Codominant A/A 162 (47.6%) 142 (52.6%) 1 1
G/A 142 (41.8%) 115 (42.6%) 0.92 (0.66-1.29) .026 0.91(0.65-1.28) .038
G/G 36 (10.6%) 13 (4.8%) 0.41 (0.21-0.81) 0.43 (0.21-0.84)
Dominant A/A 162 (47.6%) 142 (52.6%) 1 22 1 21
G/A-G/G 178 (52.4%) 128 (47.4%) 0.82 (0.60-1.13) 0.82 (0.59-1.13)
Recessive A/A-G/A 304 (89.4%) 257 (95.2%) 1 .0076 1 012
G/G 36 (10.6%) 13 (4.8%) 0.43 (0.22-0.82) 0.44 (0.23-0.86)
Overdominant A/A-G/IG 198 (58.2%) 155 (57.4%) 1 .84 1 .95
G/A 142 (41.8%) 115 (42.6%) 1.03 (0.75-1.43) 1.01 (0.73-1.40)
Log-additive — — — 0.76 (0.59-0.99) .038 0.77 (0.59-0.99) .044
Allele
A 399 (74.0%) 466 (69.0%) 1 .04
G 141 (26.0%) 214 (31.0%) 0.77(0.60-0.99)
rs4364254
Genetic model T/T 156 (45.9%) 144 (53.3%) 1 .16 1 .145
Codominant T/C 152 (44.7%) 101 (37.4%) 0.72 (0.51-1.01) 0.75 (0.53-1.05)
C/C 32 (9.4%) 25 (9.3%) 0.85 (0.48-1.50) 0.87 (0.49-1.54)
Dominant T/T 156 (45.9%) 144 (53.3%) 1 .067 1 .097
T/C-C/C 184 (54.1%) 126 (46.7%) 0.74 (0.54-1.02) 0.77 (0.56-1.06)
Recessive T/T-T/C 308 (90.6%) 245 (90.7%) 1 .95 1 24
C/IC 32 (9.4%) 25 (9.3%) 0.98 (0.57-1.70) 0.99 (0.57-1.72)
Overdominant T/T-T/C 188 (55.3%) 169 (62.6%) 1 .069 1 .097
T/C 152 (44.7%) 101 (37.4%) 0.74 (0.53-1.02) 0.76 (0.55-1.06)
Log-additive — — —_— 0.84 (0.65-1.07) 15
Allele
T 389 (72.0%) 464 (68.0%) 0.83 (0.65-1.07) 15
C 151 (28.0%) 216 (32.0%)

recessive model), histology (p = .036), and cervical invasion
(p = .042) in EC patients, and rs4364254 was shown to be
associated with tumor grade (p = .024 in codominant model,
p = .009 in overdominant model) alone. No significant asso-
ciation was observed between the two SNPs and other param-
eters including FIGO stage, myometrial invasion, parametrial
invasion, lymph node metastasis, or peritumor intravascular
cancer emboli.

4 | DISCUSSION

Upregulation of HPSE is detected in a wide range of human
cancers by immunohistochemistry, in situ hybridization,
real-time PCR analyses and is shown to correlate with meta-
static potentials (Barash et al., 2010). In EC, previous studies

showed higher HPSE expression in endometrial carcinoma
of grade 2 + 3, advanced FIGO stage and carcinoma with
deep myometrial invasion, positive lymph node, lymphvas-
cular space involvement (Canaani et al., 2008; Inamine et al.,
2008; Hasengaowa et al., 2006). Hasengaowa et al indicated
deteriorating prognoses (both disease-free and overall sur-
vival) of 166 EC patients associated with elevated HPSE
expression levels (Hasengaowa et al., 2006). The study of
Watanabe et al found a strong association between HPSE and
microvessel density, suggesting its important role in promot-
ing tumor angiogenesis.

Genetic variation has been known to influence gene
regulation and contribute to disease risk in variable ways.
Huang et al demonstrated a close relationship of allele loss
and reduced HPSE expression with tumor progression and
poor prognosis in hepatocellular carcinoma (Huang et al.,
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2012). The study of Ostrovsky et al also demonstrated a re-
lationship between certain SNPs with HPSE expression level
and proposed a possible mechanism of self-regulation in a
SNP-dependent manner (Ostrovsky et al., 2018). However,
the functional role of HPSE SNPs in EC risk and in the regu-
lation of its gene expression has not been elucidated. This is
perhaps the first study that evaluated the role of HPSE SNPs
in EC.

The SNPs of 154693608 and rs4364254 were both located
at introns, mapping in nucleotide position 8,736,062 and nu-
cleotide position 8,718,418, respectively. In the present study,
we analyzed the associations between the two HPSE SNPs
and EC risk as well as certain clinical features using logistic
regression analysis. The data revealed statistically significant
differences in the distributions of both HPSE genotypes and
alleles. For rs4693608, logistic regression analysis indicated
that A/A promotes susceptibility to EC significantly, which
is in line with previous studies. Moreover, a significantly
increased distribution of A/A was observed in patients with
grade > 2 (p = .03) and in patients with positive cervical
invasion (p = .042), and the G/G genotype displayed a re-
markably decreased distribution in patients with grade > 2
(p =.0016). For rs4364254, the results revealed that patients
with T/C genotype had lower tumor grade than subjects with
TT or CC genotypes.

Previous studies exploring the role of HPSE poly-
morphisms in diverse diseases reported variable results.
Andersen et al evaluated the relationships of four HPSE
SNPs with multiple myeloma patients and found that the
rs4693608 genotype A/A increased the susceptibility
to vertebral fractures significantly, which may be result
from the higher HPSE mRNA expression in carriers of
the rs4639608 A/A that stimulates osteoclastogenesis and
osteoclast activity through RANKL activation and inhibit-
ing osteoblastogenesis (Andersen et al., 2015). Ostrovsky,
Shimoni, Rand, Vlodavsky, & Nagler, 2010 reported an in-
creased risk of acute graft-versus-host disease and signifi-
cantly different HPSE expression level in patients with A/A
(rs4693608) and T/T (rs4364254) genotypes (Ostrovsky
etal.,2010). As both the two SNPs are located in the intronic
region, they proposed that this difference may be caused by
the regulation effect of their carrying sequence which can
modify DNA-protein interactions. Seifert C demonstrated
similar results in sinusoid obstruction syndrome patients
(Seifert, Wittig, Arndt, & Gruhn, 2015). No statistically
significant differences of the allele frequencies and geno-
typic frequencies of rs4693608 and rs4364254 were found
between patients and cancer-free controls in gastric can-
cer or hematological malignancies(Ostrovsky et al., 2010;
Seifert et al., 2015). However, Li et al found that both A/A
(rs4693608) and T/T (rs4364254) had prognostic value for
gastric-specific survival, which is in accordance with ours
revealing that the two genotypes predicted tumor grade and

p value
46
4

(0.29-1.76)
(0.68-2.65)

Overdominant
(A/A-G/G vs. G/A)
OR(95%CI)

0.72
1.34

12

p value
44

3.77)

Recessive
(A/A-G/A vs. G/G)
OR(95%CI)
0.00(0.00-NA)

0.48 (0.06—

p value
22
6

(A/A vs. G/A-G/G)
OR(95%CT)
1.20 (0.61—

(0.24-1.42)
2.37)

Dominant
0.58

p value
19
.57

(A/A vs. G/A vs. G/G)

rs4693608
Genetic model
Codominant
OR(95%CI)
(0.27-1.60)
G/G:0.00
(0.00-NA)
G/A: 1.28
(0.64-2.56)
G/G: 0.54
(0.07-4.35)

G/A:0.65

G/G
13

0

1

12

G/A

104
95
19

Genotype
A/A
127
15
122
19

Negative
Positive

Negative
Positive
Lymphovascular space invasion

TABLE 3 (Continued)
Clinical features
Lymph node metastasis
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TABLE 4 (Continued)

rs4364254

Genetic model

Medicine

CAO ET AL.

Open Access,

Overdominant

Dominant Recessive

Codominant

Genotype

(T/T-C/C vs. T/C)
OR(95%CI)

(T/T-T/C vs. C/C)
OR(95%CI)

(T/T vs. T/C-C/C)
OR(95%CI)

(T/T vs. T/C vs. C/C)

OR(95%CI)

p value

p value

p value

p value

(o[

T/C

Peritumor intravascular cancer emboli

Clinical features

.54

i 0.80

0.78 (0.22-2.76)

42

0.75

71

0.76 (0.37-1.59)

88 22

119

Negative

(0.39-1.64)

(0.38-1.50)

0.71 (0.19-2.55)

13

23

Positive

cervical invasion (Li et al., 2012; Yue et al., 2010). They
attributes this difference to the relatively high mRNA level
of A/A (rs4693608) and T/T (rs4364254), which is similar
to the mechanism proposed by Ostrovsky et al (Ostrovsky
et al., 2007).

However, there are a few limitations that should be taken
into consideration. A total of 590 patients may not be evi-
dent enough to identify the role of HPSE in EC. Moreover,
although HPSE SNPs are shown to be risk factors for EC,
the latent diseases among the population may cause relatively
great heterogeneity. Additionally, the association of HPSE
expression and SNPs as well as related molecular mecha-
nism are needed to be substantiated further. These limitations
should be noted.

In conclusion, the results of our present study demon-
strated a strong association between HPSE SNPs and EC,
suggesting an important role of HPSE in modulating EC
carcinogenesis. Our analyses showed that genotypic frequen-
cies as obtained from the codominant and recessive genetic
models for rs4693608 correlated with susceptibility to EC.
However, a larger sample size and more evidence are needed
to support the early observations of this study.

ACKNOWLEDGMENTS

This study was supported by the Graduate Student's Research
and Innovation Fund of Sichuan University (grant num-
ber 2018YJSY101) and by the National Natural Science
Foundation of China (No 81572573).

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

AUTHORS’ CONTRIBUTION

HYC and SY conceived and designed the experiments. HYC
and MRX performed the experiments. MRX supervised the
experiments. HYC, SY, and XZY analyzed the data. MRX
provided study patients. HYC wrote the manuscript. MRX
revised the manuscript. All listed authors approved the final
version of the manuscript.

ORCID
Hanyu Cao “* https://orcid.org/0000-0002-9478-2773
REFERENCES

Andersen, N. F., Vogel, U., Klausen, T. W., Gimsing, P., Gregersen,
H., Abildgaard, N., & Vangsted, A. J. (2015). Polymorphisms in
the heparanase gene in multiple myeloma association with bone
morbidity and survival. European Journal of Haematology, 94(1),
60—-66. https://doi.org/10.1111/ejh.12401

Barash, U., Cohen-Kaplan, V., Dowek, I., Sanderson, R. D., Ilan,
N., & Vlodavsky, I. (2010). Proteoglycans in health and dis-
ease: New concepts for heparanase function in tumor progression
and metastasis. FEBS Journal, 277(19), 3890-3903. https://doi.
org/10.1111/j.1742-4658.2010.07799.x


https://orcid.org/0000-0002-9478-2773
https://orcid.org/0000-0002-9478-2773
https://doi.org/10.1111/ejh.12401
https://doi.org/10.1111/j.1742-4658.2010.07799.x
https://doi.org/10.1111/j.1742-4658.2010.07799.x

CAO ET AL.

Molecular Genetics & Genomic Medicine_wl LEYﬂ

Canaani, J., Ilan, N., Back, S., Gutman, G., Vlodavsky, 1., & Grisaru,
D. (2008). Heparanase expression increases throughout the en-
dometrial hyperplasia-cancer sequence. International Journal
of Gynaecology and Obstetrics, 101(2), 166-171. https://doi.
org/10.1016/j.ijg0.2007.10.019

Chen, G., Dang, Y. W,, Luo, D. Z., Feng, Z. B., & Tang, X. L. (2008).
Expression of heparanase in hepatocellular carcinoma has prog-
nostic significance: A tissue microarray study. Oncology Research,
17(4), 183-189.

Davidson, B., Shafat, 1., Risberg, B., Ilan, N., Trope', C. G., Vlodavsky,
I., & Reich, R. (2007). Heparanase expression correlates with poor
survival in metastatic ovarian carcinoma. Gynecologic Oncology,
104(2), 311-319. https://doi.org/10.1016/j.ygyno.2006.08.045

Dong, J., Kukula, A. K., Toyoshima, M., & Nakajima, M. (2000).
Genomic organization and chromosome localization of the newly
identified human heparanase gene. Gene, 253(2), 171-178. https://
doi.org/10.1016/S0378-1119(00)00251-1

Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo,
M., ... Bray, F. (2015). Cancer incidence and mortality world-
wide: Sources, methods and major patterns in GLOBOCAN 2012.
International Journal of Cancer, 136(5), E359-E386. https://doi.
org/10.1002/ijc.29210

Fernandes, D. S. T., Gomes, A. M., Paschoal, M. E., Stelling, M. P.,
Rumjanek, V. M., Junior, A. R., ... Castelo-Branco, M. T. (2014).
Heparanase expression and localization in different types of human
lung cancer. Biochimica Et Biophysica Acta, 8, 2599-2608. https://
doi.org/10.1016/j.bbagen.2014.04.010

Gawthorpe, S., Brown, J. E., Arif, M., Nightingale, P., Nevill, A., &
Carmichael, A. R. (2014). Heparanase and COX-2 expression as
predictors of lymph node metastasis in large, high-grade breast tu-
mors. Anticancer Research, 34(6), 2797-2800.

Gutter-Kapon, L., Alishekevitz, D., Shaked, Y., Li, J. P., Aronheim, A.,
Ilan, N., & Vlodavsky, I. (2016). Heparanase is required for acti-
vation and function of macrophages. Proceedings of the National
Academy of Sciences of the United States of America, 113(48),
E7808-E7817.

Huang, G. L., Li, B. K., Zhang, M. Y., Wei, R. R., Yuan, Y. F., Shi, M.,
... Wang, H. Y. (2012). Allele loss and down-regulation of hepara-
nase gene are associated with the progression and poor prognosis
of hepatocellular carcinoma. PLoS ONE, 7(8), e44061. https://doi.
org/10.1371/journal.pone.0044061

Inamine, M., Nagai, Y., Hirakawa, M., Mekaru, K., Yagi, C., Masamoto,
H., & Aoki, Y. (2008). Heparanase expression in endometrial can-
cer: Analysis of immunohistochemistry. Journal of Obstetrics and
Gynaecology, 28(6), 634-637. https://doi.org/10.1080/0144361080
2323542

Tozzo, R. V., & Sanderson, R. D. (2011). Proteoglycans in cancer bi-
ology, tumour microenvironment and angiogenesis. Journal of
Cellular and Molecular Medicine, 15(5), 1013—-1031. https://doi.
org/10.1111/j.1582-4934.2010.01236.x

Kodama, J., Kusumoto, T., Seki, N., Matsuo, T., Ojima, Y., Nakamura,
K., ... Hiramatsu, Y. (2006). Heparanase expression in both nor-
mal endometrium and endometrial cancer. International Journal of
Gynecological Cancer, 16(3), 1401-1406. https://doi.org/10.1136/
jgc-00009577-200605000-00069

Li, A. L., Song, Y. X., Wang, Z. N., Gao, P., Miao, Y., Zhu,J. L., ... Xu,
H. M. (2012). Polymorphisms and a haplotype in heparanase gene
associations with the progression and prognosis of gastric cancer in
a northern Chinese population. PLoS ONE, 7(1), €30277. https://
doi.org/10.1371/journal.pone.0030277

Masola, V., Zaza, G., Gambaro, G., Franchi, M., & Onisto, M. (2020).
Role of heparanase in tumor progression: Molecular aspects and
therapeutic options. Seminars in Cancer Biology, 62, 6286—6298.
https://doi.org/10.1016/j.semcancer.2019.07.014

Matos, L. L., Suarez, E. R., Theodoro, T. R., Trufelli, D. C., Melo, C.
M., Garcia, L. F., ... Pinhal, M. A. (2015). The profile of hepa-
ranase expression distinguishes differentiated thyroid carcinoma
from benign neoplasms. PLoS ONE, 10(10), e0141139. https://doi.
org/10.1371/journal.pone.0141139

Mikami, S., Oya, M., Shimoda, M., Mizuno, R., Ishida, M., Kosaka, T.,
... Okada, Y. (2008). Expression of heparanase in renal cell carcino-
mas: Implications for tumor invasion and prognosis. Clinical Cancer
Research, 14(19), 6055-6061. https://doi.org/10.1158/1078-0432.
CCR-08-0750

Nakajima, M., Irimura, T., di Ferrante, D., di Ferrante, N., & Nicolson,
G. L. (1983). Heparan sulfate degradation: Relation to tumor in-
vasive and metastatic properties of mouse B16 melanoma sub-
lines. Science, 220(4597), 611-613. https://doi.org/10.1126/scien
ce.6220468

Ostrovsky, O., Grushchenko-Polag, A. H., Beider, K., Mayorov, M.,
Canaani, J., Shimoni, A., ... Nagler, A. (2018). Identification of
strong intron enhancer in the heparanase gene: Effect of functional
rs4693608 variant on HPSE enhancer activity in hematological and
solid malignancies. Oncogenesis, 7(6), 51. https://doi.org/10.1038/
s41389-018-0060-8

Ostrovsky, O., Korostishevsky, M., Levite, 1., Leiba, M., Galski, H.,
Vlodavsky, 1., & Nagler, A. (2007). Association of heparanase gene
(HPSE) single nucleotide polymorphisms with hematological ma-
lignancies. Leukemia, 21(11), 2296-2303. https://doi.org/10.1038/
sj.leu.2404821

Ostrovsky, O., Shimoni, A., Rand, A., Vlodavsky, 1., & Nagler, A.
(2010). Genetic variations in the heparanase gene (HPSE) asso-
ciate with increased risk of GVHD following allogeneic stem cell
transplantation: Effect of discrepancy between recipients and do-
nors. Blood, 115(11), 2319-2328. https://doi.org/10.1182/blood
-2009-08-236455

Rivara, S., Milazzo, F. M., & Giannini, G. (2016). Heparanase: A rain-
bow pharmacological target associated to multiple pathologies in-
cluding rare diseases. Future Med Chem, 8(6), 647-680. https://doi.
org/10.4155/fmc-2016-0012

Sanderson, R. D., Yang, Y., Suva, L. J., & Kelly, T. (2004). Heparan
sulfate proteoglycans and heparanase—partners in osteolytic tumor
growth and metastasis. Matrix Biology, 23(6), 341-352. https://doi.
org/10.1016/j.matbio.2004.08.004

Seifert, C., Wittig, S., Arndt, C., & Gruhn, B. (2015). Heparanase poly-
morphisms: Influence on incidence of hepatic sinusoidal obstruction
syndrome in children undergoing allogeneic hematopoietic stem cell
transplantation. Journal of Cancer Research and Clinical Oncology,
141(5), 877-885. https://doi.org/10.1007/s00432-014-1857-2

Siegel, R. L., Miller, K. D., & Jemal, A. (2015). Cancer statistics, 2015.
CA: A Cancer Journal for Clinicians, 65(1), 5-29. https://doi.
org/10.3322/caac.21254

Siegel, R. L., Miller, K. D., & Jemal, A. (2018). Cancer statistics, 2018.
CA: A Cancer Journal for Clinicians, 68(1), 7-30. https://doi.
org/10.3322/caac.21442

Vlodavsky, I., & Friedmann, Y. (2001). Molecular properties and in-
volvement of heparanase in cancer metastasis and angiogenesis. J
Clin Invest, 108(3), 341-347. https://doi.org/10.1172/IC113662

Vlodavsky, I., Fuks, Z., Bar-Ner, M., Ariav, Y., & Schirrmacher, V. (1983).
Lymphoma cell-mediated degradation of sulfated proteoglycans in


https://doi.org/10.1016/j.ijgo.2007.10.019
https://doi.org/10.1016/j.ijgo.2007.10.019
https://doi.org/10.1016/j.ygyno.2006.08.045
https://doi.org/10.1016/S0378-1119(00)00251-1
https://doi.org/10.1016/S0378-1119(00)00251-1
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1016/j.bbagen.2014.04.010
https://doi.org/10.1016/j.bbagen.2014.04.010
https://doi.org/10.1371/journal.pone.0044061
https://doi.org/10.1371/journal.pone.0044061
https://doi.org/10.1080/01443610802323542
https://doi.org/10.1080/01443610802323542
https://doi.org/10.1111/j.1582-4934.2010.01236.x
https://doi.org/10.1111/j.1582-4934.2010.01236.x
https://doi.org/10.1136/ijgc-00009577-200605000-00069
https://doi.org/10.1136/ijgc-00009577-200605000-00069
https://doi.org/10.1371/journal.pone.0030277
https://doi.org/10.1371/journal.pone.0030277
https://doi.org/10.1016/j.semcancer.2019.07.014
https://doi.org/10.1371/journal.pone.0141139
https://doi.org/10.1371/journal.pone.0141139
https://doi.org/10.1158/1078-0432.CCR-08-0750
https://doi.org/10.1158/1078-0432.CCR-08-0750
https://doi.org/10.1126/science.6220468
https://doi.org/10.1126/science.6220468
https://doi.org/10.1038/s41389-018-0060-8
https://doi.org/10.1038/s41389-018-0060-8
https://doi.org/10.1038/sj.leu.2404821
https://doi.org/10.1038/sj.leu.2404821
https://doi.org/10.1182/blood-2009-08-236455
https://doi.org/10.1182/blood-2009-08-236455
https://doi.org/10.4155/fmc-2016-0012
https://doi.org/10.4155/fmc-2016-0012
https://doi.org/10.1016/j.matbio.2004.08.004
https://doi.org/10.1016/j.matbio.2004.08.004
https://doi.org/10.1007/s00432-014-1857-2
https://doi.org/10.3322/caac.21254
https://doi.org/10.3322/caac.21254
https://doi.org/10.3322/caac.21442
https://doi.org/10.3322/caac.21442
https://doi.org/10.1172/JCI13662

10 of 10 : . ;o CAO ET AL.
WI LEy_Molecular Genetics & Genomic Medicine

the subendothelial extracellular matrix: Relationship to tumor cell
metastasis. Cancer Research, 43(6), 2704-2711. How to cite this article: Cao H, Yang S, Yu X, Xi M.
Wei, L. (2013). Screening for endometrial cancer. Chin J Obstet Correlation between heparanase gene polymorphism

Gynecol, 48(12), 881-883.

Yue, Z., Song, Y., Wang, Z., Luo, Y., Jiang, L., Xing, L., ... Zhang, X.
(2010). Association of heparanase gene (HPSE-1) single nucleotide
polymorphisms with gastric cancer. Journal of Surgical Oncology,
102(1), 68-72. https://doi.org/10.1002/js0.21584

and susceptibility to endometrial cancer. Mol Genet
Genomic Med. 2020;8:€1257. https://doi.org/10.1002/

mgg3.1257



https://doi.org/10.1002/jso.21584
https://doi.org/10.1002/mgg3.1257
https://doi.org/10.1002/mgg3.1257

